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The effects of altitude co the normal ghock relations are

‘2

3

ABSTRACT: The normal shouk (Rankine-Bugoniot) relations sre presented R
i 1in tebular form for altitudes ranging from ses lavel to 300,000 fest in o

. 50,000 fest intervals. The range of shock temperatures extends from :

: 2B88,169K to 316,2289K for sea level; for each of the other altitudes, the -

}; range extends from 2000°K to 316,228°K, or to the temperature at which

3 'radiation pressure and radiatioo energy become important (whichever is .

~ the lover), R .

:
: sumarized dy plots shoving that for s.trong shocks in air, the dimensicaless AR
values for shock temperature, density, and gamma as functions of shock -:'_' . R ST ST
(S NPT RI VC R Sy g ROUESHRE W
ol o e ol

J . strength, are quite sensitive to altitude chrnges., Yor veek to moderately
' strong shocks, hovever, these relations are relatively insensitive to e LT
The dimensionless values of shock velocity and energy . - :, .‘

altitude changes.
density are comparatively insensitive to altitude even for strong shocks.
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The calculationa presented {n this report verc made in conjunction )
vith a series of studies of the effect of altitude on axplosion phenomena ". - ‘." ’ “.
being conducted at MOL by the Alr-Ground Explosiw.s Division. They vere ot
made as & part of Task No. 701-267/76002/01040 under the suspices of the S
Bureau of Ordnance and comprise s partfal solution of Key Problem 12, L ': " e
("Xey Problens 1n Explosives Research and Development”, NAVORD 4299) of LT '.':' ©
the Alr Defense Systens section, )
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1. DITRODUCTION

The purpose of the present work vas to investigete the effect of
sltitude on the normal shock (Rankine-Hugonict) relstions and to pressut
these relstione in coavenient tabular form for various altitudas from
ses level to 300,000 feet., The caleculations vera bassd on currently
sccepted equation of state 4ata® cceputed by J. Hilaenrath and co-workers
of the Kational Buresu of Stavdards (references 1, 2, end 3} and ths
ARDC model atmosphere (refereuce &) accepted by the Nationsl Advisory
Committee for Parooautics up to 100,000 feet and, tentatively, wp to .
300,000 feet.

The properties of a shock vave in air depend upon the cunditioos in
froat of tie shock, and hence, upon the altitude, As demonstrated in
section 2, hovever, the various relations betveen the shcek parameters
expressed in dimensionless form*® are independent cf the cooditions in
frout of tha shock 1f the fluid behaves ss & perfect gas with constant
specific heats; inese relations are relatively inscasitive to variation
in altitude for weak or poderstely strong shocks and some remain rela-
tively insensitive to variation in altitude for strong shocks while others
become quite sensitive,

The shock front paraseters sre conpletsly deternined by apecification
of the conditions in front of the shock and ou: odditicnal perameter, e.g.,
the shock temperasture, Thus, if the atmospheric conditions sre knova for
each altitude, then the deasity, pressure, particle velocity, aud specifie

¢ Equation of state calculations made prior to those of references 1,
2, and 3 are liaccurste st auffistently high temperatures for
dissoclation effects to manifest themselves due to an incccurste
value of the dissociation energy of nitroges.,

#% The piop¢r dimensionless fora 1s odtained by dividing each
variabls of state behind the shock by the -alie of that variabla
of state i{n front of the shock and by dividing e¢sch velocity by
the speed of sound in front of the shock.
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internal energy behind the froat, end ths stock velocity can bu computed
84 functions of the shock temperature. The procedure utilized {n the
present calculations is deseribed in sectioe 3. The atmospheric condi-
tions for each altitude (obtaine&lfrm refersiice ) are presented in
table I. \

The effect of radiation pressure, rasdintion energy density, and
radiative broadening of the shock front are mentiorced briefly and the
approximate temperature at vhich the first twvo of these become ixportant
at each altitude is indlcated,

The normal shock relations are presented in tadular fora in tables
II through VIII, for the sltitude range mentiocned above, in 50,000 feet
intervals. The fea-level values are for a range of shock terperaturcs

"from 288,16%°K to 316,228%K; the values for all other altitules are for

a range from 2000°K to 316,228°K or to the tezperature at vhich radistion
effects becoms ixportant (whichever is the lover), The $llustraticns
shov the variables in dimensionless form as functions of the pressure
behind the shock divided by the pressure in froat of the shock. It caz
be secn thwut significant differsnces exist betveen some of the shock
relations for altitudes differing by, 2.g8., 50,000 feet; others are
nearly invariant to such modersie altitude varistions.

The results cf the calculations zre discussed in section S

2, THE EFFECT OF ALTITUDE ON THE NORMAL SBOCK REIATIONS

The conventional model for a shock front consists of a sufsce
across vhich the flow variables {e.g., pressure, density, particle velo-
city) are assumed to undergc discontisuous changes consistent vith the
lavs of conservation of mass, mowentum, &nd energy. These lavs provide

the folloving three equations:
(concervation of mess)

(1) fO(“."U) = fl(“c' )

(2) Ps u,(u, -U) - Ia.u.(u‘ -U) - P-P, {conservation of sopentus)

o e am . Gae, wo

- - ~ A
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(3) fl(‘*u: + E.)(uq"v) - fe(* U: + E.)(u. ‘U)

Here the sysbols p, u, P, U, and E denote density, particle velocity,
pressure, shock velocity, and internal energy per unit mass, respectively;
the subscript s refers to the ghocked sfde and the subscript o to the
unshocked side of the shock fronte If the air in front of the shock
behaves os a perfect gas with constant specific heat retio ¥, , thea

*

N S

() E - (v, -2 p

3 Y. P

- (5) € ™ Pe

:i . .

{::: : vhere ¢g it the 3peed of sound, It 1s expedieny 0 defin® an effective
;'::: f ratio of spcifiec heats, b" , for the sho:ked side of the ghock frony
K{_ ; by the rulstica

z ‘ (6) E = —Di__

- . ¢ (T, - l)fc .

f'_‘

N The varfable, ¥, , #0 uefined serves as an index which indicates ide
-

extent to vhich the equation of state relsting pressure, density, end
L sprcific intertal energy deviates from perfent gas behsvior.

5! By use of relations {4), (5), and (6), the three conservation lavs
:'.-: can be expressed as

o

(m  (e-Y) L oafu U
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o #lee-d) - -y -

o \Co/\C, Co Ceo
and . ‘
(9) % [%(—u‘%)z * (V.-i)h(%:-)] (%f - %) | - : .
. e e
‘ '[";‘(Z: * (\'.-‘l)r.](%: ’%) '
- w(e) - (0. '.‘.': Y
, vhere
w) B - B85

Note that equations (7) through (10) comprise four independent
relations betveen the eight dimensionless varisbles P,/P , Ufc,, ugfe,,
te/ Por Es/Bos volcg, ¥, end ¥,. The frame of reference can
be chosen to be staticnary relative to the unshocked air; thus, u, caa
be set equal to zero and thereby eliminated from the equstions. For e
perfect gas, the effective ratios of specific heats, ¥, and ¥ sre
equal to the true ratio of specific heats and sre independent of the
thermodynamic state (l.e., ¥, = ¥, = cp/c, = constant, vhere
CP is the specific heat at constant pressure and C, the specific heat
at constant volume for a perfect gas). Thus, for a perfect gas the
specifis heat ratio s a constant paraceter end equations (7) through
(10) comprise four independent relations between five dimensionless

. ¢ Bve 3 s e - e B

P (Y3 '\‘_‘b‘ .

Chwr ey,
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variables vhich are independent of the ambient corditions. Yor shocke ..::'_ s
of vesk to moderats strength, air behaves approximitely as a perfect gas, AR
and conatquantly, the normal shock relations expressed in dimeusionless -
form sre epproximately independent of ambient conditions (snd, bence,

altitude).

In order to sscertain, in genersl, the effect of altitude on the )
normal shock relations (in dimensionliess fors) it 1s convenient to -
attribute this effect to variation in ¥, (and to varfation in the i
coepressibility factor if the temperature ratio 1s to be considered).
Constisr the fclloving set of relations odbtaineld fria equations (7) through

T T e T U P S R Sy OF
.

(10) by setting u, equal to zero and solving for Ufey, ugrey,, eo/pg s ST
and B /B, ar functions of P/Py: ) :-'. s "' Lo .
. or (2
(11) N S 1 + "'I(') A p
Po et . P
To~ ) -f.. : '~_i : .'::”_.
Tyet (P, * o .8 ®
’ WO
2 Y - B -l E) + -
e B[ ¥ ! - ‘r.+|] ' ) :
t‘[?ﬁ(r.':'c - ') ML e ‘
P Cartan) ‘Mwmmc‘:
o .0 0
Y+! Y (bt
- L[ e RS- SR
< [ <, 1+ ¥, 41 —?‘. ._-'_._ i -: R .:-.. L
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. The corresponding relation for the temperature rrtio <sn de
obtained by introducing the compressibility factor, Z, The thurmal
equation of state can be¢ vwritten formelly as

~

s} FrF = T

vhere R is a coostant refercnce value of the gas counstant per unit mass
taken such tbhat Z s equal to unity for the unshocked state, Thus, the
texparature ratio is given by

w - BEE - HBEELE

If the functional relstionship betvesn ¥, aod P/, (see figure
III) and that betveen Z, end Pg/P, wvere not depsndent wpon ambient
conditions, the relations between the dimensicnless variables vould not
vary vith altitude as can be inferred by inspection of equatiocas (11)
through (14) and equation (16). This 1s true for s perfect gas and 1is
approximately true for shocks of veak to moderate strength in air, Yor
} strong shocks ia air, this is not true, and as a consequence, vhile come
. of the relations are relatively insensitive ¢o altitude, others are quite

genzitive, This can be demonstrated by considering each of the relatioans

(11), (12), (13), (14), and (1€), and assuxing typicsl values for ¥,
and 2.

...‘ ... g )

Since the altitude effect is greatest if the shock is strong, it will
be convenient for the present dlscussion to assume that P, 18 negligidble

1o cocparison to P, in the equations. Equation (11), in the strong shock
approximation, reduces to

Qe arietas )
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* k Frow figure III, typical values of ¥, are taken to be 1.4, 1.3, 1.2, P ° °® ®
and 1.1 for the texperature and altitude ranges considered here. ° S ) .
] . Introducing these values tnto (17} yields for the density ratto, 6, 7-2/3, S0 . .o
) : 11, and 21, respectively. Equation (12), in the strong shock approxima-
- tion, reduces te v
: - o s . .0 .0
‘ v et (2) L
. (18) <. » [ zr, ] _ﬁf ' . ) o e .
o k ;l Ti- . :»» - . -:,. - i
3 taking the same set of values for ¥, ylelds, for the factor [-—g—;—-j , - e r e e e e e
3 ]
?. 6, 96, E86, and 866, respectively. Note that this relation is R L ® ®
» zuch less affected by gas irperfection than (17) and consequently, is
:.‘ expected to be much less sensitive to altitude variation, . -
: . Equation (13) reduces to oL i
- . ' .o
7 T [ ) ® °
C a9 e R () (&) o e e_ s
N s Hhet A2y, k. . ; -
k".-_ 1/2 ] :"‘ "
: For the same set of ¥ values, the coefficient of (P,/Po) 1s e e
" - .T12, 788, .805, and .825; hence, -his equation is relatively insensitive -’.*L" "‘“"“.“"":""“‘:" N "."'
" - . . . . . R R
to gas imperfection and 1s expected to be insensitive to altitude varia- i i - e
1 tion, Equation (1%) reduces to N i Lt T
- MEARE LT N
E Y.-1 [P S
20 E . L (_:.) S o
P - ( ) E. 7‘ +1 PQ - N
- J L [ ] L
. -~ . v v L4 v
g .
-3 AN
" FYor the set of )’. values, the factor ':_:L:T takes on the values .
= A
SN 2167, 174, .182, and ,1%0; hence the equation is relatively insensitive.
F:: The effect of gas imperfection and of altitude on the relation betveen
i any pair of the dimensionless varisdles Py/P,, Ufey, ugfc,, po/po »
. ; and E./Eo can be Interpreted as a variation 1n the effective specific
':- Leat ratio ¥ . The effect on the relution betveen T,/T, and any one of
.
o 1
l‘: Bl e B B 0. Py &t s 4 de T - - - -—
. Al iy, i Al B P
-,
-:‘, . . \" . .-_ \_ -, ; . - - - .. . : T, AT, W ‘_‘ - - « .
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the other dimensionicss variables wanifests itself tnrough both l" and
Z,. In the strong shock spproximaticn, relation (16) reduces to

. Ts _!_(5—_: §A e
{21) T, - z, ¥, sT\R ~
for the above set of ¥, values, and the factor -;:—%%- takes on ~ .. | .
the values 1/6, 1/7.67, 1/11, and 1/21 wvhich cause & large dsviation L I
from tne perfect gas relations. In addition to this, for temperatures AL T

from 3000°K to 300,00C°K, 2, increases from 1 up to roughly 10 or 12,
Thus, relation (21) %8 expected to be very sensitive to gas imperfection
and altitude, Recapitulating, the folloving characteristics of the . .. .
(ormal shock) relations between any tvo of the dimensionless variables

Pe/P,, Uley, ufe,, ps/ Por EslEo , and T4/T, , vere noted:

LR ThOi ) . MU At e e

(1) for perfect gases the relations are invarient to change
in amoient conditions;

{11) for shocks of weak to moderate strength in air (for which
Zg ¥ 25 * 1 and ¥, =z ¥, = 1)

the relations are relatively insensitive to change in
ambient conditions {e.g., change in altitude);

R R ~ i

{111) for strong shockz tu alr, some of the relations are very i
sensitive to ambient conditions (».g., f’l/f’o vs Pg/P, ‘-w.... L.,
X and T, /T, ve P /P)) and others are relatively insensitive
to asbient conditions (e.g., Ufeg vs P /P, , Eg/E, vs ~
- P./Po , and ufcy ve Py/Py). - -
.. 9 ®

3. COMPUTATIONAL PROCEDURE
The normsl shock (R&nkine-l{ugoniot) relations
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can be derived directly froms the cocservation relations (1), (2), and .
(3)e (Bere the notation is the ssme as that of section 2: K, P, £,
and U deucte internal epergy per unit mass, pressure, 4density, snd shock
velocity, respectively, and the subscripte # and o refer to the states
on the shock snd unshocked sides of the shock front, respectively.)

The equations of state

(2v) P = P(p.T)

(25) £ = Elp.T)

are ocbtainable from tables of the thermodynamic properties of air {e.g.,
the tables of references 1, 2, and 3 prepared st the Nationsl Bureau of
Standards). Tor esch given set of amblent conditions (P,, p., To »
and E), relations (22}, (23), (24), and (25) cia de solved simultaneously
for the shock variadles U, F,, K, snd P, as functions of T, sad
expressed in tabular form.

The procclure utilized in the present work is the folloving®. Let
equation {22) te written in the forax*®

hd The linesr interpolation procedure described here vas sultable for
the calculations at shock temperatures above 20(K°K but wvas not
sufficiently accurate Cor lover tezperatures, The lov tempersture
calculatiocns for the altitude range considered here and the calcula-
tion procedure by which they vere xade vill be presented in a subsequent
report. The preseut report 13 concerned vith tezperatures above 2000°K;
however, the lover temperature sea-level calculations have been included
for the convenlence of the reader,

#*  Note that for strong shocks Py Po and E,» B,

and,
thue, equstion (26) could be approximated by

£ = 3pfl _ L
s T ER(E - )

This approxization vas not ezployed in *he preseat calculaticns.
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3_(_[_‘ F Bt -17A E '\ £y

(26) )

and define x and y by the equations

2[8(A.T)) - E,]
P(f' Tj) + P.

21y  y = ¥(p =

and

(8) x = x{p) = —;:(lvil})

If y 1s plotted against x for a givia shock texperature, T,, und uashocked
state (Po, Eo) » there 1s a point at vhich the ordinate squals the abscisss;
st this point p equals fs o+ From the tables represented formelly
by (2u) and (25), dats for the determination of tvo points {x;, y;) and
(xz, y2) of the curve given parametrically by (27) and (28) can be
obtained,

The points 1 and 2 should be such that 4, and f, are the
corresponding density values taken from the tables wvhich are the nearest
to the shock values, p, , one being slightly larger and the other
slightly smaller. Then the point (xg, ys) st which the Rankine-Hugoniot
relation (26) 13 satisfied can be obtained by linear {nterpolation; 1.e.,

the equ=tilion

X (f=y) = ¥(xa-%)
(];'YI) - (xl -xi)

(29) X, %Y =

determines the shock value x, corresponding to fs .

1
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Thus, the first otep in the procedurs vas to detarmine the. ahoek
faneity p, from equations (28) and (25). The shock pressure P, can
then be obtained by interpolation in the tadle represented dy (24)e
Linear fnterpolation vas uzed in the present vork, Py being computed from

the relatioa

(30) r, = P+ (P;"rn)’

wvhere
L A
P Ps

o F o T
Pe T A

Next the shock velocity, U, vas computed from equation {23). The
specific Internsal energy behind the shock front, E,, can be odtained
spproximstely by interpolation {n the table represented by (25). Linear
interpolation vas used, E  Veing obtained from the relatica

(32) X, - x. - (E."-—‘)F .

L4

The effective ratio of specific heats behind the shock froot, V, ,
vas tben computed from

- ¢
(33) E. (r‘“) ,. -

The particle velocity, u,, can be computed from the expression

3 w - v0-£&

but vas not included in the present vork.

The above procedure ves carried out on an IBX 650 calculator for a
closely spaced series of shock texperatures and for seven different sets
of aablert conditions, covering the altitude renge from sea level to
300,000 feet $n 50,000 feet intervals.
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M. EF¥ECT OF RARIATION

Radiation pressure snd rsdistion ensrgy influence the properties
of very intense ahock vaves and, consequently, modifications in the
normal shock relations must De made to take sccount of these affacts.
Tha radfstion corrections become stEnificant vhen the radiaticn enery I
density aT* Decomas cosparable to the iuternsl emergy donsity R of Lo e
the material mediua {e.g., sir) and the rsdiation pressure aT*/3 becomes j: STl
comparable to the material presswe P. It has deen pointed cut by SR
R, 0. Bacas (reference 5) that the nressure and energy density terms

’ T YT T TR
& :
v
®
.
»
>
-
®

.'f* ) . otcurring in the three conservation relations spplied scross the shock o SO
o front must be the net valuss, 1.e., the sums of the materisl and radistioa Sl
:;' . contritutions. Thus, the conservatious oi mommtum {ejuation (2)) mist ve oo e
9 nodified by the addition of the corresruding rsdistica pressure to esch ; ) ’.' o . .
3 0f ths materisl pressurs terms and the ccnservation of ensrgy (equation 3)) A
& by the addition of rsdistion pressure and rediatios anergy terms; the NI
conservation of mass is pot affected by the presence of rsdistion, ST

Yor shocks pr;:pcyung in the atmosphore near sea lsvel, shock

. .‘-. ' .'

: terperaturea of the order of nmillicns of degress are required before

‘ radiation prrasure and emergy density effects become significant. Toe - ;

:.“j*. calculations coutained herein for sea level aad 50,000 fest (vhich are Tl

;- for shock tesperatures ranging up 4o 316,000°K) require no rsdiatioca B :' N
7 4 e i ot S

correction, For altitudes of 100,000 feet, 150,000 feet, 200,000 feet,

3 250,000 feet, ard 300,000 feet, the radiation coantriduiiocns to the oo
pressure snd energy density are less than 1% for tecperstures wp to 251,0000K, :-_‘_,‘::.‘-:;- e
g 125,000°K, 70,000°K, 31,000°K, and 14,000°%, respectively, snd less thaa S sl
10% for temperatures \p to 315,000°K, 251,0000K, 158,009°K, 89,000°K, sad RSN
& 31,000°K, revpectively. Ko radiation corrections vere made in the present '

: calculation and the results are not given for tezperatures adove vhich the

o correction needed exceeds 10%.

P In reference 5, Sachs also noted that radiative diffusion vould

® effect the thicikness of the sbock front. A quantitative investigatioca

»
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Coes o e |
of the radistive contribution to the vidth of the 2832k fremt bae beam no o
earried out by Hari K. Sen and Arnold W, Guess (refereace _6). They J ' |
soted that the rediative coatribution depends primerily on the ratio of the KRN
mcan free path of radiation to that of the material particles, that this '-~ = . o . A.k

rediatior effect mey be important even ¢f radiatfon pressure and olurgy.
denaity are oegligible, and that in sn atmosphere of low density (w.g., ok . _
high altitude) the radiative troadening of the shovk front may be sufficteutly o

grest to virtualiy nullify the shock. This effect may play an Smportant !
role in shock prupagation, particularly at high altitudes, In the present ; ° ’ . ’ .

calculations, only the end conditions for the transition of the fluid
through the shock sxe involved and it is assumed that the three conserva- - S

tion lavs apply Just as if the shock front vere a true discontinuity. L . o
5. DISCUSSION OF RESULTS ;'. .'

The atmospheric cocditions for each altitude considered are presented
in table I. The values of the deneity, presiure, tesperature, and sound . . .
speed for the undisturbed air at each altitude vere taken from the ARDC R R B
nodel atmosphere (1956) contained in reference . This “standard ataos;oere” ‘ T g E '_i"';".j:'-_-t:j R
vhich is based on Rocket Panel data has been accepted by the NACA for S
altitudes up to 100,000 feet and tentatively up to 300,000 feet. The
aualysis of Minitrack data on the first USSR satellite 1957 alphs 2, by
I. Barris and R. Jastrov of the U.,S, Eaval Rescarch laboratory indicates
that the ARDC model underestimates the at=ospheric density for altitudes
above 200 kilometers (km). This is vell teyond the altitude range of the
present calculstions vhich is froa sea level to 300,000 feet (91.% im).

The values for the specific intermal energy givem in tabdble I vere
obtained from the National Bureau of Standards equation of state data
(reference 1) under the assumption that the compositica of the atmosphere
s the same for each of the altitudes consider:d here as at sec licvel,
Approximate equality of the atomic composition 1s believed to exist at
these altitudes as a result of atmsospberic ccanvection. BHowever, the

13
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Bolecular composition changes with altitude due to dissociation, forwmation
of ozone, etc. Wulf and Deming have reported that tbe dissociation of
oxygen begins at 80 Xm and ts essentislly cosplete at 100 ks, the transte
tion laysr rising 20 km pt night; in contrast, Xajusdsr reported the
corresponding altitubs: to be 130 ku =nd 167‘kn.° The preseat caleulations
ars based on the assuxption that only the thermodymamic stats of the
atmosphers varies vith altitude, not the molecular or atomic corposition.

Tables IT through VIII contein the pormsl shock relations in tabular
form for altitudes ranging from ses level to 300,000 feet in 50,000 feat
intervals. Tbs sea-level values (table IX) are for a range of shock
temperatures from 238.16°K to 316,228°K, The values for all other
altitudes considered are for 2 range from 2000°K to 315,228°K or to the
temperature at vhich the radistion pressure and energy density are
approximately 10% of the pressure and energy density of the matarial (atr),
vhen the latter 4s tho lover. Padiation corrections vers not {ncluled,
Yor each shock tempersture, the tubles give the corresponding value of the
ratio of sbuck density to am=blent denzity, ,o,/,.. ; the ratfo of
(absolute) shock pressure to arbient pressure, P,/P ; the zatio of shock
velocity to axbient speed of sound, Ufc,; the ratio of shock temperature
to ambient temperature, T,/T,; the cffective ratio of specific heats, ¥, ,
defined by equation {6); the specific internsl energy at the shocik froant,
E;, expressed in eslories/grom; and the shock overpressurs, P‘-Po,
expressed in pounds per square inch.

The dimensionless variables U/z,, Tg/To, p/fp, » Yo o, s0d
E4/Bo are shovn as functions of P,/P, 1n figures I through V for vartous
altituacs {n the range considered hers. In the case of veak to mnderately
strong shocks, air does not deviate greatly from perfect gas dehavior and,

conpequently, the functionsl relationships betveen pairs of these dimension-

less variables are relatively insensitive to altitude varfation. Only tiw

#  See reference 7, page 212, and the sppropriate references contained
therein,

14
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sea level values for shock temperaturas below 2000°K are included in

* this roport. Calculatiocns in this tewmparature range are nov deing
completed and vill be sade available in a subsequent report. In the »t . - “'

3 . ease of strong shocks {l.e., P, » P,), soms of the relattons are quite Sl
‘ sensitive to sltftuda (as was pcinted out m Sectiom 2): the relation - . . ';_.: ~;'.
- ‘ betveen Ufc, and P,/P,* and the one betveen 8./30 and P, /P, are only .. .
E * f slightly affected by the cltitude variations considered here; the relstion L ..~_
- betveen T,/T, and P /P,, the one betveen p, /s, and P,/P , ani : o T K
3 the one betveen ¥, and P /P, are much mors sensitive to aititude, This . R
.:: can be seen clearly in the illustrstions. B LT
3 : A procedure for obtaining the tabular shock relations fo- sabient i
5'.‘. : conditions vhich differ by a moderste smount from those given in table I : Py - . T "
3 (e.s., for intermediate altitudes or for somevbat different ambient : b
E:' . conditions at sea level) 1s the folloving: assume that the tabular values A _"."".: . ‘: T
F in dimensionless form given in this report for the amdbient conditions most i E:T:. _:::'- R
., nearly equal to the desired ones are valid for the latter and use them S -

accordingly. The validity and the shortcomings cf this procedure can de
inferred from the illustrations.

® It vas noted by L. Rualin {refererce 8) that this relation is
expected t0 be indepcndent of ambient conditions insofar as the
Sachs scaling procedure is valid, Figure I fllustrates the
remarkable extent to vhich the relation 1is insensitive to altitude

variation.
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. LIST OF SYMBOLS R
p y, 2 subscripts vhich denote tvo theraodynamic states dsfined by EEAROE
! tha slock tesperature, Ty, 2nd the density p, OF £y , ®
; the dansity valuss nearzst tbe shock density, p, , in the
: tebles of references 2 and 3, one being elightly larger and
! the other slightly smaller,
a e rgu.ut 10 the expression for the radiation energy dansity
(aTh?
e sS4 speed . @
- N ) specific heat at constant pressure -
Cy specific heat at constant volume
'Y internal energy per vnit mass 5
‘ r defined by eguation (31) . .
° subscript refering to tbe unshocked sids cf thte shock frout _:_j:-"
3 ? pressure -
' R constent reference value of the gas coostaat per unit sass -~;~
’ . subscript refering to the shocked side of the chock froat S
, T texperature in degrees Kelvia ::-:-;:-:
1 e
X a particle velocity S
. ] shock veloeity ':”"‘_'_‘
i x defined by equation (28) :
; y defined by equation (27) o
7 R
i z soepressibilicy factor dafined by equaticn (15) :i" "
: ¥ zé;:etive ratio of specific heats dsfined by equations () and -~ 9.
‘5 r dansity
; g
L9 - -
! . . e
15 Ak
-9
LA LTINS = — .9
L] -~ -‘.-(’l(-’- ‘- - - _-.‘.-'
: P ff".‘.‘:: . . s
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TAILE II  MORVAL SBOCK REJATIONS AT SEA LEVEL
T 7, °K P,-Py, pot Pg/? U/eq
. : ’ 3
] 2008 3 Ev2 2 %279 1 5.969 0 .
‘ 2.m 3 5.993 2’ 3.858 ! 6.350 0 . '
I 2,400 13 7.6 2 S.k61 1 6.722 0 .
2,600 3 6799 2 6.087T 1 7.086 0 .
2800 3 9757 2 6.739 1 T.k45 O L - .
: 3,000 3 1.076 3 7423 1 7.802 09 ¢ o, 0 e
3 3.200 3 1.183 3 8.152 1 8.163 o~ . .-
- ,3.W 3 102% 3 80%9 1 60530 (4] h'\ - '_ -t
! 3.600 3 1.9 3 9.759 1 8,93 o0 SECIIR S
L - 3.8(” 3 1.552 3 loﬁ 2 9.2% 0.-{ : _ 3 :
- 5,000 3 1.687 3 1158 2 9.670 0y - il A
S , koo 3 1.982 13 1.359 2 1.0 1
b i %600 3 2,137 3 1068 2 1,083 1 :
:.‘ . hd 5.800 3 202% 3 1.571 2 1,121 1 .
- 5.000 3 2052 3 168 2 1158 1 S
b . 5.500 3 2,851 3 1,93 2 128 17 R -
s 6.000 3 3226 3 | 2205 2 | L 13 : SRAS
: 6.500 3 3621 3 2476 2 k2 120 0 % @
l~:, { 70“ 3 ’6.0&8 3 2:”& 2 1.%1 1 ’ RS
- | 7500 3 B 3 3,055 2 156 1
L ! 8.000 3 5,100 3 3480 2 1,658 10
8.9 3 5.765 3 3.933 2 1.760 1 >
9.000 3 6.533 3 bS5 2 1.870 1.
9.500 3 7.3% 3 s.0k2 2 L9871 1
- 1.000 & 8.3%T 3 5.690 2 2,108 17
1,100 & 1,061 & 7.100 2 2.350 1.
N 1,200 & 1.253 & 8.538 2 2,576 1.
- | 1.300 & 1.hk9 & 9.870 2 2,769 1-.
3 ! lkou & 1619 & 1102 3 2,28 17
[ i
- 150 b 1,766 & 1203 3 3.061 y‘
«’ Different equation of state tables vere used in obuinine th(
t i tvo slightly differing sets of results for 2000°K, ER
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. TABLE II  MORMAL S8HOCK RELATIONS AT SRA LAVEL o
E . T, °K P-P,, pst r./r, U/eo -

[}
B
A Y]

1.951
2,159
} 2,549
2,648
3.379

k841
54691
6.632
1.6T7

1.065
1.276
1,533
1.835

1.328
1.‘70
1.668
1.939
2.300

3.29%
3.877
k.513
54225
6.100

3,218
3.390
3.615
3.900
k .2“

$.086
54523
50963
6,426
6.949

74576
9,095
9.95%
1,008
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¥

§
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7.288
8.683
1,043
1,248

A AOWVIVIVI MWWVIVIVIVI VIV e e rer rrpery
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RN NRRRON RNRNRNRNRN RNl o pb o b o pd g o o
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.: . 8.913 201% 10‘91 T "-‘
- ¢ - s
;; 1.000 s 2.625 1.7“ 101% ": .
- 1,122 5 3.148 2,182 1.306 Lz
_:. 1.259 s 30769 2.565 1.&30 . 5 -
; 112 5 k93 3.057 1.563 "o
1.585 5 54357 3.648 1.709 e
- 1778 5 6.351 r.322 1.863 o
it 1.99% 5 7.488 5.095 2,025 At
L 4 2.239 S 8.742 5.948 2.1 \
L . 2,512 5 1.012 .888 2,363 S
Y 2,818 s 1.154% 7.85% 2.530 —i
5

1,296 2.689
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NAYORD REPORT 6079

NORMAL SUOCK RZIATIONS AT 8IA" ISVEL

-

LT

Ts X Ts/To ralpo R
6.506 2 2,255 0 | 3.551 0 2 1.3%
6500 2 2220 0] 3582 o 2 1.355
6.700 2 2,25 © 3,623 0 2 %.395
6,600 2 2.359 ¢ | 3.662 o0 2 1.395
6,50 2 2.3% O 3,700, 0 2 1.39%
7‘000 2 2.&29’ O 30739 o 2 1039
Y-LC' 2 2.“63 o] 307?7 4] 2 1.393
7.200 2 2,48 o0} 3.813 o 2 1.393
7.300 2 2,533 0 | 3.8k O 2 1.392
Th00 2 2,568 o0 | 3.88 o© 2 1.3%R
7.500 2 2662 o0 | 3.918 o 2 1.3
7,600 2 2,631 o0} 3.952 o 2 1.391
75100 2 24672 0 ] 3.985 o0 2 1.391
708& 2 207% 0 h a(.’m 0 2 1039’-
T.900 2 2.7%% 0 § 4.05¢ o0 2 1.390
8.000 2 2.7 o | 5,08 0 2 1-3%
8.500 2 2,549 0 | K,223 O 2 1.3
9.000 2 30023 0§ 4.3 o 2 1.%6
2.506 2 3226 0 | b o 2 1.35%
1.000 3 370 0] KW O 2 1.3%81
1,100 3 3.817 o | 4,822 o 2 1.377
L1560 3 3.0 0 | b9l 0 2 1.3
1.200 3 5.6 0 | 5.010 9 2 1.372
1.256 3 B.37 O 5,098 o 2 1.370
1,300 3 %.511 o} 5.179 0O 2 1.368
1.350 3 4,684 0 | 5.258 o0 2 1,365
1.500 3 4,858 0 | S.3W O 2 1.363
1450 3 5,031 0 | 5.405 2 2,771 2 1.%61
1.500 3 5.205 O S5.47% 0 2,88 2 1.359
1.550 3 5.3578 0 | 5.535 O 3.00 2 1.357
1.600 3 5,552 0 { 5.605 O 3.1 2 1.355
1.650 3 $,725 0 5.666 0 3.25 2 1.353
1,700 3 5.899 © 5.727 O 3.3 2 1.351
1.750 3 6:073 0 | .78 ¢ 3.6 2 1.389
1.800 2 6.286 0 s.853 0 3.8 2 1,347
1.850 3 6.426 © 5.899 © 3.70 2 1.345
1,900 3 6.593 0 | 5.953 © 3.82 2 1.3%3
1.956 3 6,761 0 6.007T © 3.9 2 1,381
2,000 3 6,80 0 ! 6,059 © ko1 2 1.3%0
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XAVORD REFORT 6075 .

TABLE 1X MORMAL SHOCK RIIATIONS AT SEA LEVEL o

T, °K Ts/To relpa Eq cal/gn Ys
2,000 3 | 6.1 0 } 666 o so3 2 1.335 WU
2,200 3 7.635 o0 6.365 © 4,59 2 1.328 o e
2,k00 3 8.329 o0 6.556 0 5.12 2 1,321
2,600 3 9.023 0 6,743 0 5,67 2 1.31% T S
2,800 3 9.T17 O 6.927 © 6.25 2 1.307 B s et e
-0 . e 8 @
3,000 3 1.oW1 3 Tol32 O 6,85 2 1.301 -
34200 3 1,110 1 7.206 0 1.50 2 1.25%
3.500 3 1,180 1 7.508 0 8.20 2 1.286
3.600 3 1,209 1 7.715 © 8,95 2 1.279 ; -
3.800 3 1319 1 7.939 © 9.TT 2 1,272 "
4,000 3 1.388 1 8.136 o 1.06 3 1.265 ° ® ® °
k,200 3 1hk58 1 8.339 © LI 3 1.259 ARt
’&.300 3 1.527 1l 80528 0 102‘6 3 10253 . ’ oL K :‘_.' ‘:.‘t' _. ‘4- .‘<‘_ -
2600 3 1.5% 1 8.700 o 1.33 3 1,258 PO PN PR
8,800 3 1666 1 8.853 o 143 3 1,26k e e T
5,000 3 1.735 1 8.983 o 1.53 3 1.2k
6,00 3 2,082 1 9.365 0 2,00 3 1,232
6.500 3 2,256 1 9.80 0 2,23 3 1.230
7.C00 3 2.h29 12 9.63% 0 2,50 3 1.227
T7.500 3 2,603 1 9,842 o 2,80 3 1,222
8,000 3 2,776 1 1,010 1 3.15 3 1.216
8.500 3 2.950 1 1062 1 3.56 3 1.209
9,000 3 3.123 1 1077 1 hoo5 3 1.202
9.500 3 3.297 1 .12 1 k.59 3 1.195
1,000 & 3470 1 1.k 1 5.20 3 1.189
1,100 A 3.817 1 1.195 1 6.51 3 1.180
1,200 & . 1 1,220 1 7.83 3 1.176
1.300 & ko511 1 1.22% 1 9.05 3 1.176
1500 & k858 1 1.213 1 1.00 & 1.178
1.500 & 5,205 1 laa96 1 1.09 & 1.181
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TABLE IT  NORMAL 8HOCK REIATIONS AT S8REA LXVEL jZ: :
T, °K Ts/To Palpo B, cal/gn Ve =
1585 & ssoa 1} 1ms 1} 120 & | L83 |
.78 & 6,171y 1 LI 2 .33 & L 1191
1,995 & 6928 1 | 1022 1 150 M s |
2,239 & T.769 1 .12 1 1% & 3.197
2,512 & 8,717 1 1,110 12 2,07 & 1.198
3162 2.09T 2 1,105 1 2.9 & 1.199 " °
3,508 & 1,231 2 1,088 1 LR T: T 1,203 :
3.9, % 1.382 2 1,061 1 kO b 1,208
- W A6T & 1,550 2 1.037 1 5,67 1.213
: 5,012 & 2,739 2 1,02 1 S5 & 1,216
5.623 & .| 1951 2 { 1017 1 647 & 1.217 L
6.3!,0 k 201” 2 1.016 1 7.’& h 1.217 P!
T.080 4 2,457 2 1,012 1 , 9.32 & 1.218 . ®
T.43 &4 2,757 2 1,002 1 .1 s 1,221 ",
8,913 &4 3.093 2 9.906 0 .33 % 1.2 s
1,000 5 { 3470 2 | 9.801 o 159 5 1,226 -
1.122 , 3.89‘ 2 9.&1 0 low , 1.&9 A i..‘
1259 § h.369 2 9,546 0 2,28 § 1.233 -
1.k12 S B2 2 9.38% 0 2,70 S 1.237 "':‘
1585 5 5.500 2 9.28 o0 3.23 5 1.2k gy
1,95 5 6.52% 2 8.852 o k49 S 1,253
2,239 5 1.769 2 8.615 © 5.23 S 1.261
2.512 5 8.711 2 8.370 0 6.03 5 1.270
2,818 5 9,781 2 8,088 o 6.8 5 1.281 oo
-9
3.162 § 1097 3 7.761 0 1.62 S 1.2% -
..
‘e,
26 S
.@
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KAVORD REFORT 6079
TABIZ III  WORMAL SHOCK RELATIONS AT 50,000 FEXT
r, ] PePo, et Py/Py U/eq :
. r ! . i ° b
2,000 3 . 9717 1 5.843 1 6,980 0 : T
2,200 3 1.103 2 6.623 1 TH18 O ‘- .
. 20W 3 102,‘1 2 7.,‘39 1 7.8"8 0 '_ c.
: 2,600 3 1.388 2 8.38 1 8,279 © _ PR
”-; 2.800 3 1546 2 9.282 1 8.715 o0 N -
- 3.000 3 1719 2 1.026 2 9.16% o0 | o. o o .
[T 3.200 3 191 2 %0 2 9.638 0 -
P : : 3.500 3 2.]26 2 10266 2 1.013 1 " - N
3.600 3 2,363 2 1407 2 1.065 1 -:
t.. .:_ 3.800 3 2.627 2 1-563 2 1.120 l .
o %000 3 2.8% 2 1.720 2 1am 1 IS
L &.200 3 30177 2 10888 2 1-221 p
. B 0O 3 3062 2 2.056 2 1.279 1
- 4,606 3 Je742 2 2.222 2 1,329 1
3 ‘ 8,600 3 1,013 2 2.382 2 1.37% 1
L 5.000 3 b 2 2.5% 2 148 1
ﬁ 5.500 3 5,883 2 2,899 2 1.515 1
- 6.000 3 5.520 2 3.273 2 1,609 1
s-_:‘- 5.500 3 6.255 2 3.707 2 1.711 1
G : 7.000 3 7.169 2 hoowt 2 1829 1
S 7,500 3 8.306 2 820 2 1.96% 1
.- 8,000 3 9.699 2 5.T83 2 218 1
.. 8.500 3 1.133 3 6.708 2 2,288 1
ivd 9.000 3 135 3 7.788 2 2457 1
9.500 3 1510 3 8.936 2 2,629 1
- 2,000 & 1,707 3 1.020 3 2.193 1]
"‘-‘-'.- 1.1.00 h 2.%9 3 1'221‘ 3 3.073 1
- ) 1,200 & 2.359 3 .39 3 j.282 1
N 1.300 & 2,59 3 1.532 3 342 1
P 1500 & 2.791 3 1,658 3 3.580 1
24
! 1500 & 3.005 3 L7173 M 1
(R
L
AU
AR 21
i
0 I .
P
o
QU
. ,,: _-:.‘--:C-:;-. e D e e e . .
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TABIZ IIX NORHAL SHOCK KELATION3 AT 50,000 FEET

A bt o b e e RE SR A e e

reL . S S _... . .'.
e
- ol .
AR
. - *. T -
. v
. - . .‘
- " *
[ T Ty YeUR R RPN NS LY

e

...........

Ty oK P,-Po, psi Pe/P, U/2o
- .58 & 3.199 3 182 3 1483 L
1.78 & 3.655 3 2,185 3 B, 12 2
2.239 5385 3 3.0 3 bS53 1
2,512 & 6.522 3 3.856 3 5.08% 1
3,162 & 9.253 3 570 3 6.5\ 1
3.588 & 1.060 & 6.211 3 TS 1
y 3,981 & 1,215 & 7.188 3 7.533 1
LA6T & 1825 & 8.k29 3 Jd62 )
5,012 & 1.721 & 1.017 & 8,96 1
5,623 & 2,100 &% 1,242 & 9.%03 1
66310 & 2,538 & 1.500 & 1,086 2
7.050 & 3.033 & 1.793 & 1191 2
Toh3 % 3,635 b 2,149 & LY 2
8.513 & ,383 & 2.591 & 1432 2
1,000 S 5.288 & 3,126 & 1.5 2
1,259 5 T.568 & PR T 1,885 2
> 1513 5 8.6 & 5.312 & 2,056 2
y 1.585 5 1.069 S . L} 2.285 2|
, L]
178 S 1,25 5 TM & PRSP R
: 1,995 5 1453 S5 B.593 & 2,625 2}
! 2.239 5 1.656 5 9.791 & 2,808 2|
N 2,52 5 1.85T 5 1,08 5 2.2 2
2.818 S 2,047 S 1,210 5 3.8 2
3.162 S 2,263 S ¢ 1337 5 33B 2 '
;
5
28
- 1 '::'ur": .
A PP | N o
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F . TABLE II1  MORMAL SHOCK REZLATIONS AT 5C,000 FRET
. 1, °K Te/To pelpo E, cal/ea Y, o
. 2,000 3 9.231 ‘0 | 6.3 1 Vo9 2 1.335 4 L] L
: 2200 3 1015 L | 6.52 1 .60 2 1.328 -
| 2,800 3 1,108 1 6.712 1 5,13 2 1.320 . RN TANUN
' 2,600 3 1,200 1 6.912 1 5.71 2 1.322 . SErELT
2800 3 L2 1 | Ta26 12 6.33 2 1430 O A
3,000 3 1.385 1 7.360 1 1.2 2 1.295 - 0
3,400 3 1.569 1 1.9%6 1 8.66 2 1.27% . -
3.600 3 1.662 1 8.223 1 9.62 2 1.26h oot
3.800 3 1.75% 2 B.ShT 1 1.07 3 1.25k S
e 1806 1 | 8.822 1 117 3 1.2%6 - .
8200 3 1.939 1 9.083 1 1.29 3 1.239 o
VA0 3 2,031 1 9.301 1 181 3 1.233 ° Tt
8,600 3 2,023 1 | 9473 1 .52 3 1.229 . @ ]
. V800 3 2.215 1 9.601 1 1.63 3 1.226
5,00 3 | 2308 1| s6e 1 .73 3 1,22 ek
S.SN 3 2-539 1 9.820 1 10% 3 1.221 ~ )
: 6,000 3 2,769 1 9.5k 1 2,23 3 1.219 :
6.500 3 3,000 1 1,06 2 2,53 3 1.2}k
7,000 3 3.231 1 1,050 2 2.9 3 1.207
7.500 3 3462 1 1,095 2 3.3 3 1.198
8,000 3 3 6R i 1.dh7 2 3.9 3 1.188
8,500 3 3023 1 1,201 2 W2 3 2.179
9,000 3 h,ask 1 1249 2 5.3 3 1.172
3,500 3 4,385 1 1,257 2 6.19 3 1.166
1.000 & k616 1 1.3 2 7.00 3 1.163
1,100 b %077 1 1,333 2 8.9 3 1.161
1,200 & 5.539 1 1.320 2 9.65 3 1.163
1.300 & 6,000 1 1.2% 2 1.05 & 1.1266
1,400 & 6,062 1 1.267 2 1.13 o 1.170
1,500 & 6.23 1 1.2 2 1.2 & L.17h
f 29
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NAVORD REPORT 6075

NORMAL SHOCK RELATIONS AT 50,000 FEET

(=]
=

T4/To

pslpo

Eg cal/gn

Ve

1585
1.7718
L.995
2,239
2,512

3.162
3.961

N 4,467
5,012

T315
8 .2w
9.209
1.033
1,159

1,460
1.638
1.837
2.062
2,313

e

NN DR DN NN

1.228
1.20T
1,199
1,194
1.183

1.126
1.080
1,048
1.035
1,039

o b pd o

1.29
1.L9
1.78
2,16
2.63

3.7
h.23
4,84
567
6.85

1.176
1.180 §
1.181
1.182
1.18%

1.19%
1.204
1.210
1.213
1.212

4 s
L Y
4 s
4 Y
4 b
4 1 L}
'y 1 4
4 1 b
A 1 4
. 4 1 .
- 5.623 4 2.5% 1042 1 B.36 & 1.211
6,310 & 2,912 1,038 1 1.01 5 1.212
7.080 & 3,268 1,021 1 1.20 5 1.215
T3 4 3.666 1,020 1 1§ 1.216
g.o13 4 Ll 1.016 1L 1.7 5 1.217
1.000 95 4,616 2 1,010 1) 2.10 5 1.219
1,122 5 5.119 2 1.0060 1 2,50 S 1.221
1.259 5 5,811 2 9.880 © 3.00 § 1.22h
1412 5 6.520 2 9.717 © 3.5 S 1.228
1.585 5 7.315 2 9.589 0 k.22 5 1.232
1,718 S 8.208 2 9.3« O .9 S5 1.238
1.995 S 9,209 2 9,122 0 7% ¢ ] 1.245
2,239 5 1,033 3 8.808 o0 647 5 1.255
2,512 5 1.159 3 8,463 0 T.22 5 1.267
2,818 5 1,301 3 8,079 © 7.90 S 1.282
' 3062 S 1560 3 | 7.687 o 8.51 S 1.304
30
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t NMAVORD REPORT 60TS

TABIR IV MORMAL SPOCK REIATIONS AT 100,308 FIED

) T, °K Py-Po, Dei P,/ U/eo
. 2.000 3 8.50T © 5.805 1 6.713 © ° ® e o
2,200 3 9.703 0 6.151 1 7.148 o HEIREE
Z.W 1 3 LI.CQ L 60%" l.. 70589 0
2,600 3 1.249 1 7889 1 8.056 ©
2,800 3 1422 1 8.911 1 8.566 0 -
3,000 3 1.631 1 1027 2 9.131 © N e
. 3.200 3 1.8678 1 1,181 2 9.757 © ° . T
3400 3 2,63 1 1.358 2 1o0k2 1 _ 3 e
. 3.600 3 247 1 1,551 2 1110 1 S
- 3.800 3 2,793 1 L7512 a7 1 ST
3 4,000 3 3.085 1 1933 2 1,23 1 Coe
. k.200 3 3.357 2L 2,103 2 1,288 1 e .
b,400 3 3.600 1 T R.255 2 1.2333 1 ; N DR
B 4,600 ~ 3 3.821 1 2.393 2 1.373 1 S N S e
%800 3 k,o29 2 2,523 2 1410 1 L
- 5,000 3 5239 1 2.55% 2 1446 1
- . 6,000 3 5.668 1 3.545 2 1.667 1
ﬁ 6.500 3 6.825 1 L,269 2 1.82s 1
. 7,000 3 8.3 1 5.232 2 2,013 1
o 7.500 "3 1,08 2 6425 2 2,225 1
T 8,000 3 1,242 2 T.758 2 2,40 1
N 8,500 3 1458 2 9.106 2 2,681 1
9,000 3 1.655 2 1,033 3 2,812 1
% 9.500 3 1,820 2 136 3 2,949 2
L . lom h 10%2 2 1.213 3 30055 1
1.100 & 2,157 2 1.346 3 3.215 1
= 1,200 b 2,355 2 1,463 3 3.355 1
- 1,300 & 2,560 2 1.597 3 3.508 1
o 1,400 & 2822 2 1.761 3 3.605 1
;'. 1.500 & 3.26 2 1.950 3 3.800 1
-
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NAVORD REFORT 60TS

TABLE XV NORMAL SHOCK REIATIONS AT 100,000 FEET

T, °K P,-P,, psi Pe/Po U/eo

1.585 & 341 2 2167 3 5

178 & 305 2 2.686 3 i:ggol :’
1.955 & 5,827 2 3.385 3 S.110 1
2.239 & 6,680 2 k166 3 567 1
2,512 & 7.856 2 5,900 3 A6k 1
2.818 & 8,851 2 5,521 3 6, 1
3,162 & 9.907 2 6.179 3 6.355?) 1
3548 & 1.139 3 7.198 3 T.463 1
3.951 & 1,391 3 8.679 3 8.283 12
kA67 & 1.736 3 1,082 & 9,202 1
5,012 & 2,315 3 1.320 & 1,016 2
5,623 & 2,508 3 1.561 & 1.06 2
6.310 & 2.983 3 1,860 & 1,207 2
7.080 & 3.623 3 2,262 & 1.331 2
T:H3 & M512 3 2,751 & 1LM9 2
0.913 & 5.250 3 3.293 & 1. 2
1.000 § 6,358 3 3.963 & 1.?&9 2
L1222 5 7.622 3 753 4 1.933 2
1.259 -5 9.082 3 5.639 & 2,107 2
1812 5§ 1,068 & 6.635 & 2,288 2
1.585 S 1,288 & 1.725 & 2. 2
178 S 1,399 % 8,728 & 2.6%21 2
1.993 5 1,547 & 9.651 & 2,175 2
2,239 5§ 1,682 & 1.049 § 2,503 2
2.512 5 1,808 & 1,125 5 3,007 2
2,818 s 1.9 & 1,200 § A28 2
3.162 § 2,03 & 1,269 S 3.231 2

_______
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NAYORD REFORT 60TS -

TABLX IV MORMAL EBOCK RELATIONS AT 100,000 FRET

Ty K Ts/To fn/fo Ig cal/m
2,000 3 L B.sS9% 0O 6,289 0 h0% 2
2200 3 § 9455 © | €503 @ 623 2
2,00 3 1,032 1 6.739 © 5,202 2
2,600 3 Wi 1 T.025 © 5.870 2
2.80¢ 3 1,203 1 73716 0 6.663 2
3,000 3 1200 1 | 7,18 o 7516 2
3.200 3 1.37 1 8,289 0 8,761 2
300 3 1.h61 2 8.801 o 1.000 3
3,600 3 | 1.5k 1L $4295 O 1.153 3
3.800 3 1,633 1 9.720 O 1.308 3
W G0 3 .79 1 9.9% 0 1838 3
b,200 3 1.805 1 1017 ) 1,568 3
k00 3 1,891 1 1,027 1 1.67% 3
600 3 1977 1 1,030 1 LT 3
k8OO 3 2,063 1 1,032 1 1.868 3
5,000 3 2,19 1 1,03 1 1.962 3
54500 3 2,368 1 1.050 1 2,231 3
6,000 3 2,579 1 1095 1 2.62 3
6,500 3 2,79 1 1,165 1 3,166 3
7.000 3 3,009 1 1258 1 3,691 3
T.500 3 3,22 1 3,339 1 4,805 3
8,000 3 3,638 12 1512 ) 5.62% 3
8,500 13 3.653 1 1459 1 Hu8 3
9.000 3 3.868 1 1480 3 7769 3
9.500 3 L,083 1 1480 1 8.527 3
1,000 & k298 1 1,867 1 9,129 3
1,100 & K,728 1 1.kes 1 1,005 &
1,200 5.158 1 1,337 1 1.039 &
1.300 & 5.587 1 1.363 1 1,187 &
L300 & 6.0171 1 1,350 1 1.308 &
1,500 &% 6.ukT 1 1,331 1 1448 &
33

-----




NAVORD REFORT 60TS

TABIZ IV NORMAL S8ROCK RELATIONS AT 100,000 FEXT

°x Tlﬁo P./ ro 8. “1/“ Ts
Y 6,812 1 1,348 1 1.59 & 1.159
Y T.643 1 1.356 1 1.9 & 1,158
. 8.576 L 1.350 L 2,50 & 1,153
5 9,622 1 1.322 1 3.08 & 1.163
4 1.030 2 1.270 1 3.60 & 1.170
4 1.211 2 1.207 1 8,04 & 1.180
N 1.359 2 1.159 1 4.50 & 1.188
N 1.525 2 l.132 1 S.18 & 1.193
4 1.71% 2 1,182 1 6.3 & 1,191
4 1.920 2 1.156 1 TR & 1.189
4 2,158 2 1.152 1 9.65 & 1.189
. 217 2 1,132 ) 113 5 1.193
4 2,712 2 1.123 1 1.3  § 1.195
L 3,043 2 1.126 1 1.65 5 1,194
) b 2 1.125 1 2.00 S 1.1
L 3.830 2 1115 1 2,40 5 1.196
5 4,28 2 1,108 1 2,88 s 1,198
S k822 2 1.098 1 346 5 1.200
5 5410 2 1.030 1 4,09 5§ 1.203
5 6,071 2 1,058 1 481 5. 1.208
5 6.812 2 1.035 1 5.8 5 1.213
5 7.643 2 9.952 0 6.28 s 1,222
5 8,564 2 9,514 0 6.90 5 1,234
5 9.622 2 9,032 0 745 s 1.249
5 1,080 3 8.541 0 7.92 5 1.265
5 1.211. 3 8,069 o 8.3 5 1.283
5 1.359 3 7.583 o0 8.79 5 1,304
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NAYORD REPORT 607%

TABIR V

MORMAL S8ROCK REIATIONS AT 150,000 FEEY

T, ok  Pa-By, et 2a/?,

Ufen

HErE MMOO0O 0000 O0O00QCO0 ODOOM

b.AL9
50121
5925
6.953
8.293

9.967
1.189
1,386
1,566
1.718

1,837
1,541
2,081
2.149
2,271

2.h18
1 2.9
3.753
5,383
6.235

T.5%
8,72k
94543
1.013
1.%3

111
1,225
1,380
1.589
1.85%

2,171

2,000
2,200
2,400
2,600
2,800

9.243
1,067
1.231
1,456
i.781

2.09
2.505
2.925
3.307
3.630

3.882
4,104
50317
So5h5

3.020
3.200
3.AC0
3.600
3.800

4,000
»,200
L 1 1)
600
%.800

54000
54500
6,000
6.500
T.000

Ta500
8,000
84500
9.000
94500

2,000
1,100
1,200
1,300
1,400

50117
6.221
T.955
1.035
1.322

1.611
1,851

L2 FEEFEN WWWWW WWWWW WWWWwW WWWiWiw Wwiwww

w
-
w
-
AV, ]
T N i ad al o

1,500

W WWWW W SR VR VR MO N NN gt oo

6.088
€.515
6.93
T.530

L4

8.921
9.7102
1.04h
1.108
1.160

1.199
1.233
1,265
1.298
1.332

1,376
1.512
1.703

1.935
2.181

2,403
2575
2.69%
2,718
2.&1

2,913
3,061
3.251
3,487
3.766

5,073

o R R e NN P00 00000

3

—

1 ¥

2

e - -

2

b
- )

b T e e, ; S . A
- - -« -

.
-
e - ——— o < o ¢ e
PRS-
e
- e A R

) °

& . T e harcuy et madm Lo At
PR S
v “u
-
.
.

O . Pl
L AR N PR GED £ Jo T PSRN DO . A

- .. ] °
- o

Ve e s ea

-“ L .
: RSARI :




e - e . ),
-- N -\. L T
1 i . P e
MHerdrdolol Hededrdd NNNONAN NANNNN NNNNN
9%9m” %%19& mms R el =t oty et
q ) RERE EQQER B58ER 2838
per ) ¢ ¢ © o o e & ¢ o & e 8 & & @ ® o o o @
o AL NAN VOO Hrrred dAdNN ©N NN N
| g
A
a
= ANNNMN MMM 2829 SI IR AL RS
2 m WOMOY IEotis oumud nodgy N Mo
o0n ™M ™
& 23853 ohE3E RIBIR S4%3E JBRER
m. m NMNT.I NOAR AR N M nnD 0o OO
8 %«
M W Hrdededed NONONNN ANNNNN NNMNAM Mmoo
8 «
LY
1 o qRRM o o 2 NN\ ~teONr
~ (24
g 3] 2%38L £2%33 BI8%% 2I¥LY EBIRE
‘ . [ * Ld * L] . L3 * L] . * * . L4 L[] L] - - -
21 OO OO MmN T D 79111 S-S Pt Py
»
; m ) F N O gF 4 E AV g5 BN g J g g a5 g 4 o N UN N WU NN U
! )
: AREDY BI%4% 25389 38487 sRHRY
. ¢ RERRA I 283 & RERGA
W . [ ] * * L 2 L] * * L] Ll *
w” . L et NN 2333-‘ 55677 1111 11122—
-

S

el
N

.
ﬁ

]

7
o
,

]

A,

‘

g

|\ JUICIY SRV
Vi tmmled e, v v e o«

36

« an

T

od ey

P4
e

AT S M.

-~

AL g




A

7

L A N ‘;h’—".\-‘“\‘ﬂ“\i‘-\\ TNT R R P W T W AT AR

::: ...... <
E.
b
k
)
" o
| . e e
- ~ MAYORD REPORT 6073 .
TABLE V  MORMAL SBOCK RELATIONS AT 150,000 PEET o
b T X Ta/To el Po B, cal/en Y- TR -
i °* o
- - 2,000 3 7298 a 6.179 @ V112 1.3 '
1 2,200 3 7.918 0 6455 0 568 2 1.328
b 2,400 3 8,638 o 6.86 0 S.37 2 1.308
F - 2.600 3 9.357 © T.317 O 6.28 2 1.288
{- 2,800 3 1007 ) | 7.9T7 o 747 2 1.265 .
i -
. 3.000 3 1.079 1 8.6 0 8.8 2 1.2k2 L] e
: 3.200 3 1151 1 Y 9,509 o 1.07 3 1.222
3.k00 1 1.223 1 | 1013 1 126 3 1.209
> 3.500 3 10295 1 1005" 1 l.kO 3 10201
N 3.800 3 1.367 1 | 1078 & 1.5¢ 3 1198 .
. 3,000 3 | 19 1 | 108 1 1.6 3 1197 S
o 5,200 3 151 1 1,075 1 1.73 3 1.18 . Y °
:- hokw 3 1.583 1 lom l 1.82 3 1.1” JOR
[ 4,500 3 1655 1 | 1073 1 1.91 3 1.159 ,
L 8300 3 L.T27 L} L0791 2,02 3 1.198
- £,000 3 1,79 1 1,02 1 2,15 3 1,196
% 5.500 3 1.979 1 1162 1 2.6 3 . 1,18%
o\ 6.000 3 2'159 !) 1:282 1 3036 3 1.1&
] 6.500 3 2,339 1 | k19 12 330 3 | L9
b T.000 3 2,519 1 1535 1 563 3 1,137
] 1.500 3 269 1 | 1.605 1 6.86 3 1,131
- 8,000 3 2.879 1 1.626 1 7.87 3 1.1%0
- 8.500 3 3.059 1 1,613 1 8.59 3 1,131
E! 9,000 3 3.239 1 { 158 1 9.1 3 1.134
» 9.500 3 3819 1 | 1.552 1 9. 3 1.137 [}
1,000 & 359 1 | L5281 9.9 3 1.139 e
1100 & 3.959 1 .87 1 1.09 & 1.143 SRy
- 1.200 & h3ly 1 1477 1 1.23 1.14% T
L lom l‘ ho678 1 1.%7 1 1.!.2 h 101&3 ':‘ j'
}. 1400 & 503 1 | 1506 1 166 & 1.8 e
N 1,500 & 5,38 1 | 1.52k 1 L% & 1.139 S S
| o
-
-
@
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N
;._ b - an M ene A b ead e e mal ems . T 4 R s o
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TABIE ¥ NORMAL SHOCK REIATIONS AT 150,000 FEET

Ty X Ta/To Pulf’o g csl/gn Te

5706
6.1&00

1

2,20
2,82
3.3
3.79
k.10

k.53
S5eb5
6.9
870
1.02

1.585
1.778
1.995
2.239
2.512

2,818
- 3.162

532
1.523
1.b71
1,390
1.307

1.25%
1.260
1,289
1,299
1.27%

1887
1.2%0
1.261
1.252
1,28

1,240
1.228
1,208
1,158
10“2

1,139 SN
1.1»\5 -. ‘: '.-. -._.__

1265 I e

1173 :
1.172 . - _"J R
TS A

10170 . .. et i .:'.. :“ . ::.':"‘::

1.17h T
1.173 - 0.....8
1.1 . L
1.173 et Wl
1,175 PR

rEerre. Frery
0
2
o

A R6T

54012
5.623
6.310
7.080
Toh3
. 80913
) 1,000
ﬁ 1,122
. 1,259

- ':‘ . 10&12

".':‘. :' 1'585
SN 1.778
1.995

a AT

1.19
L.hb
1.79
2,15
2.56

10115 ‘_-’ S . L
1177 e

1.18%
1.192

1.202
1,215
1.230

1.&7 I3 ot S e e e e

1,268 - e __8
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1.089
1.031
9.7
9.107
8.561
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NAVORD REPORT 60TS

MORMAL SBOCK RELATIONS AT 200,000 FEET

[ NGEST U A 0 VAU P \PUR Uy WAy W SOUN MUNE SOV YOS PN

TARIE VI o
T, °K Pg-Py, pot P,/?, /e, : ° ® ° ° .
2,060 3 1.606 -1 A 96T 1t 6.528. o't -
2,260 3 1.883 -1 5.806 1 6.2 O ‘
2,00 3 2,759 -1 6.9 1 7.53k O
2,600 3 2,791 -1 8.555 2 8.301 ©O R
2.300 3 3."95 -1 100& 2 9.217 o) - - - t s :
r L e e o o
3,000 3 k.311 -1 1.316 2 1,017 1 L
3.200 3 50]-11 ’1 10558 2 10m3 1
3800 3 5.758 -1 1.75% 2 1,162 L :
3.800 3 6,606 -1 2,011 2 1.252 1 R
¥,000 3 6.2 -1 2,112 2 1288 1] - ' -
8,200 3 T35 -1 2,221 2 1.3 1 g i ¢ o . L/
l.kOO 3 10‘T2k ‘1 2.31‘9 2 10355 1
5.6@ 3 8.255 '1 2'510 2 LW 1 . _ "_
L8300 3 8.98 -1 2,717 2 1.k55 1 SO0
$,000 3 9.8 -3 2,982 2 1.522 1 !
5,500 3 1,306 O 3,968 2 1,76 1 - ;
6,000 3 1.787 © 5,425 2 2.0% 1§ ...9 . @ ) ® [
6.500 3 2.369 (V] 7.187 2 2.33‘ 1 : N e
7,000 3 2,901 © 8.791 2 2,580 1 :
7.500 3 3,270 0 9.916 2 2,739 1
8.000 3 3,503 O 1.062 3 2.837 1
8.500 3 3.6TT O 1,11 3 2,909 1
9.000 3 3.847 O 1,166 3 2,97 1
9,500 3 B,002 O 1,225 3 3.05% 1 i
1,000 & 4,28y O 1.28 3 345 1 o
1,100 & 4,959 O 1.503 3 .38 1 AN .
1.200 & S.OU7 O 1.802 3 3,703 1 e o
1,300 & T7.251 0 2,197 3 4,086 1 DS -
1400 & 8.792 0 2,668 3 L k91T 1 ST ¥
. e o ) ) )
1,500 & 1,051 1 3,158 3 4892 1 |- U
39




AN TV e, W W T, WS

b FTA _
g“: -l
i“ NAVORD REPORT 60T$
g‘.
TABLE VI  MORMAL SHOCK REIATIONS AT 200,000 FEXT i
. t, °K Pg-P,, pst - R/Ry U/co ; i:: . L' o ‘«.
1585 » 1165 1L l 3530 2 S.a1T L) -
Iom % !|386 1 ‘,2(10 } ,06” ! :-_.- ‘»“ N -~
1.995 k 1.52k . 1 h.618 3 5.9‘2 1 «_".- C.
2,239 & 1.629 1 4,938 3 J60 2] ¢ e
2.512 & 1.79 1 5.k52 3 6.8 Y ..
2,818 & 2,190 1 6.636 3 7150 1| ® . ., @ e
- 3,162 b 2,856 1 8.656 3 8,158 1
3588 b 3577 L 1,083 & 9.123 1
3.8 & 164 1 1.261 & 9.85% 1
. LU6T @ 798 1 1,453 & 1,058 2
: s.012 & 5.885 1 1.782 & 1472 2
5.623 & 7,310 1 2.2 & 1.365 2
6,310 & 8.731 1 2,686 &4 1.k28 2
7.080 & 1.0 2 3,168 & 1.562 2
T.983 & 1.277 2 3.869 & 1,721 2
8,912 & 1,528 2 4,63k & 1,890 2
1,000 S 1,816 2 5.501 & 2,061 2
1,122 § 2,132 2 6,459 & 2,235 2
1,259 S 2,397 2 T.262 & 2.3 2
1,512 'S 2,619 2 Te935 & 2.k88 2
1.585 S 2,812 2 8.519 & 2,585 2
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TAME VI ORMAL SBOCK RELATIONS AT 200,000 FEE?

..
-...'-'.'.“, b
.'-.-‘o'n'

(. PNV w‘ﬂ".r.rlr -z
: B Y

Ty

°x

24/To

fo/fo

E, cal/gm

g

2,000
2.200
2.k00
2,600
2.600

54500
6.00C
6.500
7.000

AWWIWW WWWWW  WIWWWW  WWWUIW W W W

7.878
5.665
9.453
1.02%
1,102

1,181

2,160
2.363
2.560
2.757

MO e i R N e Q0O

6.296
6.666
7.28
8.077
9.101

1.009

1.347
1.530
1.676
1786

k.1b
k ,m
I
7.0%
8.80

ltw

NP

1.331
1.316

1.262
1.232

1.209

1.138
1.126
1.120

o

0
)
1}
o
)
3.000 1 3 .
3t 2.2560 1.082 1 .28 3 1.195 ® :
3,400 1.339 .19 1 1.k 3 1,189 e .. 06 0
3.600 “1.418 1.126 1 1.55 3 1.188 A
3.800 1.866 12y 1 1.6 3 1.190 : Ry
%.000 10575 1.112 1 1.72 3 10191 : : t"' r
k.200 1.65% 1.108 1 181 3 1.193° - Lo
3 4,400 1.733 a1 1 .91 3 1.192 T
3 4,600 1.811 1,25 1 2.0 3 1.185 .. 9. @ ()
4 . 4,800 1.890 1152 1 2,21 3 1.185 R -
- 5-000 10%9 10193 20“3 3 10119 \:\ - »
3.5 3 1.157 . e
3 -
3
3

i
1
1
1
1
1.500 2.95% 1.8 1 gay 2 . 1021 RS -
A 8.000 3.151 1.706 1 8.76 3 1.12%- ¥
';-‘ 8.500 3'3&8 1,%2 1 9.17 3 10127 ':
9.000 3,545 1628 1 9.58 3 1.130 -
E 9.500 3.742 1.5 1 1.00 b 1.133 RSN
0 1.000 % § 1.939 1.580 1 1.06 M lan| .. e o
.10 & §.332 1.8 1 1.23 & 1.135 R
N 1200 & b 726 1.613 1 1.7 & 1,132
-l 1..300 & 5.120 1.65% 1 1.80 & 1.128
!."_'-.. 1400 & 5.5 1,688 1 2,18 & 1.126
L] 1.500 & 5.908 .62 1 2.59 & 1.125
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: TABIE VI  NORMAL SROCK RELATIONS AT 200,000 PER?
T‘ g S TQ/T(y Pl/f’o . ‘t CAJ,/SI Te
1.585 & 6.252 12 1.680 1 2,89 & 1,126 Do
L.178 & T.00 1 1,612 1 243 b 1.132
1.95 & 7.859 1 1.511 1 3.76 & 1.1 . .
2,239 & 8,818 1 1512 1 2,00 & 1.152 Wt o m s m e
2,512 & 9.89% 1 1.352 1 50 - & 1,159 1 L] L] | J
2.818 & L0 2 | 1366 1 5.3 & 1.157 R
30182 % 1,285 2 1.3 1 T.o8 & 1,151 PR
305"8 k 1.397 2 1.’.23 1 8080 ~ 1.150 -:‘_: o
3.9 & 1.568 2 1,383 1 1,02 5 1,155 EOGIE
o L,L67 & 1,759 2 1.350 1 Ll $ 1,159 . PR A
‘ ° o
: 5.012 & 1.9 2 1.36s 1 14§ 1.157 L, ©..e. -
5.623 &4 2,215 2 1.38 1 .79 5§ 1.156 he
6.310 & 2,185 2 1,363 1 204 5 1,158 i
T.H3 & 3.128 2 1.358 1 3.13 5§ 1,158 :
8.913 & 3,510 2 1.3 1 3™ S5 1,160
1.000 § 3.939 2 1.327 1 Ay § 1.162
1122 S hhl9 2 1.299 1 5,20 § 1.266
1,259 S %958 2 1,285 1 5.82 § 3176
1513 S S5.56% 2 118y 1 6.33 5 1,185
1,585 S R242 2 .13 1 6.75 5§ 1.197
42
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NAVORD REFORT 60T$

TABIE VII HORMAL B8HOCK RELATION3 AT 250,000 FRET

e K Pg-Pgy, psi 24/Po Ufe,
2,000 3 2.2% -2 6.2 1 TNT O §
2,200 3 2,727 -2 8.1 1 8.182 o©
2,500 3 3490 2 1,03 2 } 9.5k o .
2.600 3 k533 -2 1,39 2 1,040 1 S
2,809 3 5.871 -2 1,788 2 1.169 1 .
3.000 3 6.986 -2 2.078 2 1.2 1 = s
3,200 3 7.2 -2 2,302 2 1.337 1 ® L e e o
34500 3 8.2 -2 | 2451 2 1330 1
3.500 3 8.65T =2 2,573 2 1415 1 .
3.600 3 9,085 -2 2,700 2 1450 1 "
k.000 3 9.603 -2 2,853 2 1491 21
k,200 3 1.028 -1 3.055 2 1.5%2 1 .- - .
4,600 3 1.258 -1 3,706 2 1.6% 1 o "
5.800 3 1.&19 ’1 3.212 2 1.802 1
5,000 3 1.639 -1 4.865 2 1.931 1
5,500 3 2,399 -1 T.113 2 2.323 1
va 3 30307 "1 90803 2 2.719 1
7.000 3 L2 -1 1.308 3 3.136 1
T.500 3 %.,633 -1 1.372 3 3,220 1
8.000 3 4.8L8 -1 1.k35 3 3,296 1
8.500 3 © 5,103 -1 1.512 3 3.385 1
9.000 3 5450 -1 1.63% 3 3.500 1
9.500 3 5.920 -1 1.753 3 3.647 1
1.000 & 6.538 -1 1.9 3 3.832 1
1.100 & 8.260 -1 2,452 3 L.30T 1
1,200 & 1,066 O 3,352 3 4818 1
1.300 & 1.329 O 3.93 3 5.450 1
1.h00 & 1.570 0 8,651 3 5.8 1
1.500 & 1,748 o 5.179 3 6.255 1
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t TABIE VII  NORMAL SBOCK REIATIONS AT 252,000 FEET
L T °X Pg-Py, psi Pe/Py U/eo ' e L]
: 1.585 1882 5.455 6.525 .
Iqm 1.977 5.855 6.672 ."
1.995 2,036 6.178 6,570
1.239 2.3~ 6.82% 7.232 .
. 2,512 2.883 8.538 8.082 -

2.818 3.651

.15

1.137

9.31%
141k

1.038

3 3.548 5.519 1.60% 1.107 e
3 3.961 6.213 1,842 1.167 ¥
. hou67 7.7 2,306 1,328 -

5.012
5.623
6,310
7.030
T.%k3

- 8.013

9.7k
1.737
1.,73
1.6k
2.017

2,879
3.369
b, 067
5.018
5975

T.3%1

1.483
L6
1.959
2.139
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NAYORD REPORT 6075 e )
TABLK VII  BUFAKAL EHOCK RELKPIONS AT 250,000 FIXT fl‘.':
' e ‘o e
T, °« To/%o Po Po Ey cal/gm Vs * T ¢
2,000 3 105 1| 6591 o | ek 2 1,32k i~' R
2,200 3 L1177 3 1,216 0 5.15 2 1.297 o -
Z.W 3 1.219 1 80251 0 6.59 2 1.259 ST - -
2.600 3 1.320 1 90“1 O 8070 2 1.220 L .. ..
- 3.00 3 | 1523 1] 1aw 1 1.2 3 1.181 .- _
. 3.200 3 1.625 1 1190 1 146 3 1.178 R .
. 300 3 1.72T 1 L1858 1 1.5 3 1.180 c . . - -
3.600 3 1.828 1 1166 1 1.62 3 1.153 el e . -
3.800 3 .93 1 L1 1 .79 3 1.185 T SO X
e §,000 3 2,03t 1§ 1152 1 .79 3 1,186 .. 9 _® o ° L
3 k200 3 2,135 1 1168 ) 1.2 3 1,188 .
00 3 2,235 1 1.195 1 2,10 3 1,179 .
Lo 4,600 3 2,33 1| w7 1 2.3 3 wn ] e B R O -
L 4800 3 2438 1 1,32y 1 2,67 3 LIBL] el Tl
'?. . 54000 3 2,539 1 183 1 3.09 3 1,150 ;
{] 5500 3 2,793 1 ] 1.667T 1 85T 3 1,126
. 6,000 3 3.067 1 1850 1 6.31 3 .13
- 6,500 3 3,201 % 191 1 7.65 3 1,110
- T000 3 3.55 1 1863 1 8.37 3 1.13
- 7.500 3 2,809 1 | 1.8 1 8.79 3 1.117
T 8.000 3 k.063 1 lom 1 9.18 3 1‘121
E& 8,500 3 k317 1 11 1 9.6 3 1,123
9.000 3 k5T 1 1.6% 1 1.03 & 1.125
; 9,500 3 8,825 1 1.6% 1 1L.312 & 1,225
1,000 & 5.079 1 1,715 1 1.2 & 1,13
1.100 & 5.587 1 1.783 1 1.57 & 1.118
1.200 & 6,095 1 1.850 1 2,02 & 1,116
1,300 & 6.603 1 1.83 1 2.52 % .17
1400 & 7.11 1 1871 1 2,98 & .13
1.500 & 7.619 1 1825 1 3.3 b .16
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TABIZ VII  EORGL SHOCK RRLAZIONS AT 250,000 FXXT

T, K T,/% Pe Po B, cal/en Yo

3.\
3.
350
.30
540

T.22
8.9

.0

-\

1.16
1.85

1.82
2.12
2,56
3.17
3.7

k.50

3 .19 ]
1.129
1,10
1.186
1.1h2 iy

8.058
5.033
1.013
L1357
1275

1431
1.606
1.5
2,022,
2.269

2,545
2.856
3205
3.5%
L.03

527

t.172
1.646
1,529
1,356
1.503

1,57
1572
1.508
1.‘71
1.503

1.519
1,288
1,838
1.599
1,480

1,565

1.135 N R T
1.135 R I
1,162 S e
1,165 L Tl
1,182 y el A

1,150 o o @
1.1h " .
l.m
1.1k2
1,154
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AMCRD REPORT &0TS

TABIZ YIII  IGRGL SHCK ESILTIOES AT 300,000 FERT
7, °K P 2o, pet ?/% u/e,
2.2 3 2,512 -3 9.660 1 8.919 o©
2000 3 3.551 -3 1.3 2 10T 1
2,600 3 hESa =3 1,833 2 1.1% 1
2,800 3 5A39 -3 2,121 2 1,285 2
3,000 3 S5t -3 | 2285 2 1,332 1
3,200 3 6.1 -3 2.391 2 1.3% 1
2,500 3 6428 3 2,510 2 1.35%9 12
3,500 3 6.7 -3 2.650 2 1.3 1
3.800 3 T.9T -3 2.850 2 1891 1
»000 3 g8,01c - -3 2,153 2 1,565 1
V200 3 9.225 -3 360 2 1.670 1
VA0 3 1.087 =2 VA2 2 1807 %
V600 3 1,38 =2 5.2 2 1.976 1
2800 3 1.58 =2 Gl 2 2,170 1
5,000 3 1918 =2 TN 2 2311 1
5.500 3 247 -2 1.05T 3 2,823 1
.00 3 3058 <2 1,230 3 3.0h5 1
6.500 3 LIT 2 1.33 3 3,138 1
T.000 3 3453 -2 1.3%0 3 3,210 1
7,50 3 3.688 -2 1,435 3 3.29 1)
8,000 3 3.5 =2 158 3 3428 2
2.500 3 VA0 2 .72 3 3.6 1
9.000 3 5.058 =2 1.570 3 3.863 1
9,500 3 5,917 <R 2,00 3 0 v S
1,000 & 6.0 -2 2,72 3 533 1
1,100 & 9.532 2 3,711 3 5.87 1
1,200 & 1.153 =1 A 68 3 5.892 1
1.300 & 1.327 -1 5,168 3 6.2 1
1,400 & 1.2 -1 SA50 3 6427 1
1,500 b 1M5 -} 5.£39 3 6.535 1
1,585 & 106 -1 5.712 3 6,589 1
1.78 & .53 -1 5.0 3 6,759 1
1,995 W 1,737 -1 6.765 3 7,195 1
2,239 & 2,8 -1 8.8s 3 8,278 1
2.512 & 3,107 -1 1,209 9,993 1
2.818 & RS TS § 1,080 & 1,087 2
3,162 W O3 -1 1.583 & 1.100 2
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2 _ : TABLX VIIX  WORMAL SHOCK RELATIONS AT 300,000 FKEP
T, °K Te/T, Pl Po By oal/gn ¥e
’ 2,000 3 o3 ) 105 o V6L 2 2.301
2,200 3 1.1 1 8.531 ¢ 6.32 2 1,28
2,500 3 1.216 1 1,048 1 8.95 2 1.201
2,600 3 1.317 2 1209 1 1.18° 3 1.17h
2.800 3 1418 1 1,263 L 1.37 3 1.167 S
: 3,000 3 1520 1 | 1,252 1 1A6 3 1,159 - @ .0
3 - 3,200 3 1621 1 1227 1 1.53 3 1.173 -
. 3400 3 1722 1| 1205 1 .60 3 1.176
. 3.600 3 1828 1 1,19 1 1.6 3 1.178 R I
" X 3.800 3 LR 11 1208 1 1.8 3 1,176 N
o 2,000 3 2,026 1 | 1.250 1 2,01 3 1.170 oSk
i \.200 3 2.125 1 1.321 1 2030 3 1.160 - '.‘ . .
. l.kOO 3 20229 1 1.“39 1 2.72 3 10“7 ‘ . "‘ o -
V600 3 2,330 1 1575 1 3.8 3 113 .
MB00 3 2432 1 1725 1 %00 3 1,122 . L
3 5,000 3 | 2533 1] 186 1 285 3 1,112 e '
5.500 3 20786 1 2.%2 1 60% 3 1.100 ‘T."A N LTt
6.000 3 3.0&0 1 2. { 1 8.00 3 10101 ° Py
6.500 3 3.293 1| 1989 1 8.5 3 1.105 .0 80
7.000 3 3.5 1 1.909 1 8.79 3 1.110 el - )
T.500 3 3.800 1 1.855 1 926 2 1.113
8.000 3 ¥,053 1 1.835 1 9.8 3 .15
8,500 3 4306 1 1.852 2 01 & 2.113
9,000 3 ¥.560 1 1.899 1 1.27 M 1.110 .
9.500 3 w813 1 L.9%6 1 1.9 & 1,106 .0 e K]
g 1.000 & 5.066 1 | 2,035 1 LT M. 1,102 coe T
. - 1,100 & 5.573 1 | 2,129 1 2,62 & 1.098 e e
. . 2,200 b 080 1] 2,28 1 2,99 M 1.098 R
¢ 1.300 6,586 1§ 2,08 1 3.3h B 1,102 S T
8 : 1.500 & 7,093 1 1,96 1 3.52 & 1.107 R
. :
= 1,500 & 760 1| 1870 1 3.62 & 1.113 . @ ¢ o
g 1.585 A 8.030 1 1.7%6 1 3.66 & 1.118 L
. 178 b 2,00 1 | 1.66v 1 382 & 1,123 AT
L': 10”’ Y 1.010 2 1.616 1 ~031 3 1913’2
3 2,239 & 113 2 1.707 1 5.5 & 1,124
‘r;': 2,52 & 122 2 | 1788 1 177 N 1.18
:‘. 2.818 h 1.528 2 1.7“ 1 9.22 k 1.121
- 3062 & 1602 2 1.653 1 1,01 S 1,129
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FIG.1 SHOCK VELOCITY RATIO VS SHOCK PRESSURE RATIO AT VARIOUS ALTITUDES
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